foraging [5] , and the G-protein alpha-subunit gene Foraging is a rapid, side-to-side movement of the nose goa-1 as well as other genes in the Go/Gq signaling generated by C. elegans as it explores its environment.
Introduction worms, and verify the results with manual observations.
The nematode C. elegans is useful as a We also describe how to extract foraging-related neurobiological model because of its completely parameters. Conclusions appear in Section 4. sequenced genome and its amenability to classical and molecular genetics. It has a compact nervous system, 2. Materials and methods in which each neuron (of 302 in total) has been Culture methods and image acquisition: C.
individually identified and characterized at the level of elegans strains were maintained as described [7] . For synaptic connectivity [1] . In principle, it is possible to all assays, 4 day old young adults were used; Figure If) . Twenty-five evenly spaced points are smallest axis-aligned rectangle that contained this located along the skeleton. The first two points from component, and saved as eight-bit grayscale data. The the head are denoted p, and P2. A cutoff line is placed dimensions and coordinates of the rectangle were which passes through the point pt and is perpendicular recorded. The microscope was fixed to its largest to the skeleton tangent line at Pt. The cutoff line cuts magnification (50 X) during observation. The number the exterior contour into two parts (Figure 2a) . The of pixels per millimeter was fixed at 312.5 pixel/mm.
smaller part which contains the head point is the nose Image pre-processing: The grayscale images were section of the contour (Figure 2b ). We compute the subjected to preliminary processing to generate a distances between Pt and each pixel on the nose simplified representation of the body [8] . Images section of the contour. The 10 points having the snapped when the stage was moving (the current longest distances from Pt are used to compute the coordinate of the stage was different from the previous spatial average point Pn, which we define to be the coordinate) are discarded. skeleton is obtained, the two end points on the skeleton We used the method in [11] to detect reversals and represent the head and tail positions (Figure 1 e) . Using omega bends automatically. the approach in [8] , the head is recognized for entire To investigate this kind of side to side nose video sequences. The head is usually brighter than the movement in a video, we measure the angle 0 between tail and usually moves more than the tail. To detect the segments (pn,pl) and (Pt,P2) (Figure 3 ). Figure 4 foraging events which are related to subtle nose shows a plot of nose bending angle b(t) over time from movement, we need to locate the nose position more a video. Here t is the frame index. Each set of three precisely than is done in [8] . First we obtain the consecutive extrema (consisting either of two local exterior boundary of the worm body by eroding it with maxima and the local minimum between them, or else a 3x3 square structuring element and performing the of two local minima and the local maximum between set difference between the binary image and its erosion them) represents a side-to-side motion of the nose and is therefore a candidate foraging event. From the all foraging events. By applying the algorithm with a beginning of each video, we examine each set of three varying from 0 to 1, the performance result is shown as consecutive extrema. We denote the first, second, and a receiver operating characteristic (ROC) curve [12] in third local extreme values (in a time-wise order) to be Figure 5 and Table 1 . We choose a = 0.5 because the start point SP, middle point MP, and end point EP.
there is a sharp bend in the ROC curve there (at which A set of three consecutive extrema is considered to be point the True Positive fraction is over 93°0 while the a foraging event if that segment of the video does not False Positive fraction is less than 6%).
contain any frames discarded due to stage movement and if either of the following two criteria is satisfied: Once a set of three consecutive extrema is decided automated methods for the study of foraging behaviors makes it possible to reliably detect foraging events and quantitatively parameterize foraging patterns. The
